Introduction
An estimation of future demand data, including import, export, transit, and transhipment, provides significant information while discussing port planning. When a port supply capacity is more than its market demand, port facilities and related investment lose their efficiency and here comes a lower internal rate of return. On the other hand, an excess of demand over supply causes an increase in cargo and ship traffic as well as waiting times; resulting in higher port total cost and a gradual reduction in port calls. Despite this frequent supply-demand challenge in the maritime industry, a decision supporting system is still inevitable. Decisionmaking requires a thorough understanding of future market demand as well as related ship traffic to handle it, in order to react carefully and quickly based on designed and assessed change plans on port supply side.
All in all, capturing demand-supply model needs a trial and error coupled procedure, including lots of parameters and assumptions. Considering such speculations, the procedure still would be very complex, especially when discussing a set of ports in a national scope rather than one port itself. On the other hand, by supposing that time-history data include reliable market understanding, the procedure could be simplified by decoupling those parts. In other words, one could extract demand and then look for its related marine traffic based on their previous correlations and designed scenarios. These two approaches have been frequently used overseas.
Generally, port demand prediction requires a comprehensive analysis including lots of assumptions. As a clear example, Hamburg port Consulting GmbH (HPC) and TarhNo-Andishan consulting engineers company (TNA) port (2003) proposed Iranian commercial ports master plan considering microeconomic and macroeconomic factors [1] . They mapped future of Iranian commercial ports demands according to three approaches designed by Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis. Medda and Carbonaro (2007) considered political, economic and technical factors in order to analyze past trends of container cargo traffic in the Mediterranean sea ports considering evolutions in their routes [2] . They concluded that a transparent understanding of the policy, economy, and technological frameworks as well as approaches that have been and continue to be the backbone for ongoing development of modern Mediterranean shipping activity allows one to outline strategies for future development of the basin.
In another research performed by Jugovic et al. (2011) , they reviewed previous studies about demand prediction in Croatia ports to show large deviation from actual 2 Journal of Advanced Transportation condition [3] . Goulielmos and Kaselimi (2011) forecasted container traffic of Piraeus port by using nonlinear radial basis functions based on 427 months of transhipment data between 1973 and 2008 [4] . Lopez et al. (2014) predicted volumes of Ro-Ro freight using Autoregressive Integrated Moving Average (ARIMA) regression and Artificial Neural Network (ANN) model in the port of Algeciras [5] . Royal HaskoningDHV (2014) forecasted the demand of port of Metro Vancouver in Canada until 2050 [6] . According to this study, factors such as North American container ports demand, macroeconomic trends in North America, and economic drivers affect the accuracy of prediction models [6] . Hong et al. (2017) used ANN to predict container flows among major ports of Asia considering Gross Domestic Products (GDP), interest rates, value of export and import trade, number of export and import containers and number of quay cranes [7] . The forecasting results indicate that the prediction errors are relatively small in most selected ports, and thus shipping companies can use the container flow prediction model to make decisions concerning operations. The results can be applied to the trend analysis of container ship flows among the major ports of Asia. Additionally, a community analysis of the container ships was conducted for the purpose of supply chain management.
Sazeh Pardazi Iran (SPI) consultant engineers have performed a study to forecast Iranian ports demands and supplies from 2016 to 2025 [9, 10] . It should be mentioned that the present study was performed as a part of "Update of Iranian Commercial Ports Master Plan" project conducted by Sazeh Pardazi Iran (SPI) company. Port service description of the study included eleven Iranian commercial ports as Shahid Rajaee, Imam Khomeini, Bushehr, Chabahar, Khorramshahr, Shahid Bahonar, Lengeh, and Abadan ports in the southern district of the country and Anzali, Amirabad, and Nowshahr in the northern districts of the country. SPI has performed the study by using Autoregressive Distributed Lag (ARDL) method [9, 10] . Here, future ten years' demand of four main container ports, including Shahid Rajaee port, Imam Khomeini port, Chabahar port, and Bushehr port ( Figure 1 ) with a total throughput of 30.94 million tons in 2016, as the main focus of this paper is summarized in Table 1 . As shown in this table, Shahid Rajaee port has the largest share of container throughput among Iranian main container ports. The target ports in this study have 99% share of container throughput in the country.
HPC and TNA (2003) also forecasted traffic of Iranian commercial ports for ten years using an uncoupled procedure. They designed three scenarios, including constant development, unipolar system, and multipolar system to assign rational demand to each of the ports [1] . Poncela (2003) proposed the process of forecasting traffic in Spanish ports in several stages including interviews and exploitation, macroeconomic analysis, reports by sector, use of Delphi surveys, and trend analysis [11] . In other research, Hajbi (2011) tried to specify the relationship between port governance mode and its traffic in Morocco [12] . He also used linear regression to set a correlation between container shipping and GDP of the country [12] . Tsai and Huang (2016) forecasted development of Tuas Mega port in Singapore based on interviews and a single case study that provides necessary information in the container port operations, including factors that provide the impetus for the upgrades of the port facilities and technology [13] .
Based on the literature, in spite of relatively widespread study performed regarding port demand forecasting; less attention has been paid on marine traffic forecasting of target ports while there is an inevitable linkage between them. On the other hands, determining port design ship has been researched overseas as it has been included in related rules and regulations [14, 15] , but it is not well documented when discussing the fleet responsible for forecasted cargo handling while it is a very important step when either starting port planning [15, 16] or trying to recognize port bottlenecks.
To this end, the paper mainly aims at representing container shipping responsible for predicted demand. On this account, the paper is divided into three main sections. At first, methodology of the study and designed scenarios have been expressed in Section 2. Then, they have been applied with details on Shahid Rajaee port, as the most important container port of Iran, in Section 3. By repeating the procedure for other ports, outputs have been summarized for the other ones as well. Finally, LSCI has been introduced and forecasted for Iranian ports until 2025 in Section 4.
Here, it should be noted that such presented prediction has been used in the national project to plan ports software and hardware development by assessing their supply capacity as well as bottlenecks in response to the traffic, for example, lack of piers, cranes, and inland network. It is worth mentioning that ports' supply studies were also performed by SPI based on the service description of the main project with respect to presented port traffic [9] . The results showed that some of ports aspects, for example, number of container berths, number of gantry cranes, and depth of berths should be increased and developed in the future to meet market demands.
Materials and Methods

General Procedure.
One requires reasonable scenarios in order to predict container ship traffic in ports. Here comes a preliminary important step to comprehensively survey international, regional, and national market based on (a) literature reviews, (b) interviews with national shippers, shipping companies, and industrial decision makers [6, 9, 10] , and (c) assessment of experienced time-history of trade in target port (see Figure 2 ). After such investigations and drawing facts and figures, different scenarios were developed and then scored in a simple multicriteria analysis to extract three scenarios in order to cover a spectrum of probable events ahead of Iranian ports. So, at the first step, international maritime transport of container ships has been studied and the future outlook of the container shipping industry has been investigated based on well-known international documents generated by DNV [17] , SEA EUROPE [18] , and UNCTAD [19] . According to the aforementioned studies, world economic situation, container transport demand, container fleet age, and new orders in container ships are among the most important parameters to understand the future of the container shipping industry. Based on the DNV study on the shipping industry, container transport demands are influenced by ongoing changes in trade patterns, some of which can be regarded as emerging long-term trends, including slowdown in the growth of the mainline trades, Asia-North America, and Asia-Europe and an increase in the Europe-Middle East, Middle EastAsia, and South America-Africa-Asia trade routes. Mainline trades are growing at approximately 5% per annum whereas non-mainline trades are growing at an annual rate of 10% or more. The growth in Inter-Asia and Inter-China trade is even stronger [17] . SEA EUROPE forecasting shows that the new-building ships requirements will increase in the coming years, even at relatively low levels. However, the increase of transport needs and environmental considerations will influence the need for the replacement of the fleet and this will show up in the demand. Its forecast is based on macroeconomic forecasts, taking the economic development in the world and the global production, energy consumption, and the expectation for future energy mix into consideration [18] . Afterwards, the study has been focused on the regional maritime transport in the Persian Gulf and the Gulf of Oman. In this step, the main port specifications in the region, their port calls, and their future development plans have been analyzed. Study on the regional maritime transport has shown that Jebel Ali port, operated by DP World UAE Region, is the largest marine terminal in the Middle East and is ranked the 9th largest container port worldwide. It is a premier gateway for over 90 weekly services connecting more than 140 ports worldwide. Expansions currently underway at the port will bring total handling capacity to 22.1 million TEU by 4 Journal of Advanced Transportation 2018. Also, active container shipping companies in the region have been identified and their ship sizes investigated. It is worth mentioning that Jebel Ali port is the only port in the region that is equipped to receive the world's largest container vessel in the full load condition with an overall length of 399.2 meters, a moulded beam of 59.00 meters, and a maximum draft of 16.50 meters. The ship belongs to Maersk shipping line, as one of the largest shipping companies in the world which operates the carrier on its 2M Europe-Asia route.
In the next step, the past and present trends of container ship traffic in the target ports have been analyzed based on the size of container ships and their services in Shahid Rajaee port, Imam Khomeini port, Chabahar port, and Bushehr ports. The data used for the analysis in this research are given from PMO. The data include International Maritime Organization (IMO) number, ship name, type, Deadweight Tonnage (DWT), Gross Registered Tonnage (GRT), length overall, breadth moulded, full load draft, and the cargo volume carried by ships individually since 1999 until 2015. On this account, more than 102,000 records of container vessels which called Shahid Rajaee port, Imam Khomeini port, Chabahar port, and Bushehr port have been categorized into seven groups based on their DWT. Although twenty-foot equivalent unit (TEU) is a more common unit in the market rather than DWT, the recorded TEU data were incomplete. Therefore, container ships have been categorized based on their DWT (there are relations to convert DWT to TEU; the average loaded container weighs about 10-12 tons but, of course, this may vary, so the modern container vessels are dimensioned for 12-14 DWT per TEU [20] ) in following categories:
(1) DWT < 10,000 tons (2) 10,000 tons < DWT < 30,000 tons (3) 30,000 tons < DWT < 60,000 tons (4) 60,000 tons < DWT < 80,000 tons (5) 80,000 tons < DWT < 120,000 tons (6) 120,000 tons < DWT < 150,000 tons (7) DWT > 150,000 tons.
Then, three probable predicting scenarios have been designed and applied on four target ports.
Scenarios.
It should be noted that scenarios are not prediction of the future as such but rather stories of what the future might look like. According to the traffic forecasting strategy presented by PIANC [21] , at the first stage, a wide range of scenarios were prepared and then, they refined and decreased into three probable scenarios during the forecast progress and interview with some shippers, shipping companies, and industrial decision makers of the country. Moreover, the potential future changes in vessel dimensions and technology, target ports, and other important ports in the region have been considered in scenario design and forecast progress.
Among three aforementioned scenarios, the first and second one are based on the analysis of past trend of container ships categories that called target ports. In the third scenario, changes in the global and regional container ships categories are taken into consideration. In the following paragraphs, these scenarios are explained.
(i) First scenario (simplified continuous growth): the concept of this scenario is based on the assumption that the future combination of marine traffic will be equal to mean of the five peak years of the port from 1999 to 2015. In these peak years which might not be sequential, the port experiences the highest throughput. The parameters including the average share of each of container ship group in port container throughput, the average amount of cargo quantity of container ship per its own capacity, and the average capacity of each container ship group in five peak years are playing important roles in the traffic forecasting procedure as illustrated in Figure 3 .
(ii) Second scenario (port best experience replication): the main idea of this scenario is based on the tendency of the share of container ships categories in port container throughput to grow or decrease in years ahead. Figure 4 illustrates three steps which are used in order to forecast the ship traffic of the target ports in the second scenario.
(iii) Third scenario (regional best practice): in this scenario, it is assumed that the average shares of each of the container ship categories in the container throughput of the port will emulate Jebel Ali port as the largest and a hub port in the region. Also, technical limitations of the target ports in comparison with Jebel Ali port have been considered, for example, waterway depth limitation with respect to OCDI (2009) and PIANC (2014) [14, 15] . Figure 5 illustrates the three steps for predicting container ship traffic of the target ports.
Container Ship Traffic in the Target Ports
Results of Traffic Forecasting for the Shahid Rajaee Port.
In this section, three aforementioned procedures are explained in detail and the results are explained. The whole package is performed again for other target ports and the results are presented subsequently.
First Scenario.
In Figure 6 , the shares of each of the container ship categories in the container throughput and the total container throughput of Shahid Rajaee port are shown. According to this graph, the port experienced its maximum throughput from 2008 to 2012. Hence, the average share of each category of container ships is calculated among these five peak years. In the first scenario, it is assumed that the share of each container ship category in the container throughput will be constant until 2025. For instance, 34% of container throughput of the Shahid Rajaee port was historically transported by 30,000 to 60,000 DWT container ships from 2008 to 2012, and it is assumed that the category will keep its share in container throughput until 2025. Also, the average cargo quantity and the average capacity for each type of container ships are represented in Figure 7 . In order to calculate the average cargo quantity and capacity of each container ship category in future, those are also averaged over the five peak years and the results are applied for the future traffic.
Final results based on the first scenario are presented in Table 2 . According to this table, the number of container ships annually calling Shahid Rajaee port will increase from 1382 in 2016 into 3020 in 2025. Although the container ships with 10,000 to 30,000 DWT will constitute the main part the port traffic, 30,000 to 60,000 DWT category will be responsible for the highest share of the port.
Second Scenario.
In the second scenario, the trend of each container ship category share in container throughput is the main issue. In order to consider the trend, for those categories of container ships with a decreasing trend during the past 10 years, the minimum share that has been observed from 2006 to 2015 is chosen as their share in the future. For instance, the category of 10,000 to 30,000 DWT has a decreasing trend from 2006 to 2015, and its minimum observed share is 22.1%. On the other hand, if the trend is in the increasing way, its maximum share observed during 2006 to 2015 will be chosen as the share of this group in the future. For those categories in which the trend has no clear pattern during the period, its average share is chosen as their share in years ahead. The share of each container ship category during the recent years has a significant role in the traffic prediction of the target ports. For example, according to Figure 8 , it is clear that 10,000 to 30,000 DWT container ship category had a large share at the beginning, but in recent years their share has been gradually decreased. Somehow, the second scenario considers such variations in prediction.
Final results of traffic forecasting of the container ships in the Shahid Rajaee port based on the second scenario are presented in Table 3 .
Third Scenario.
The third scenario is based on the assumption that the container ships calling the target ports and their share in port throughput will be optimistically similar to Jebel Ali port as the best practice. In the first step, the share of each container ship category is extracted for Jebel Ali port by using AIS (Automatic Identification System) data. As shown in Figure 9 , container ships with the capacity of more than 80,000 DWT have the largest share (59%) in this port during 2014 and 2015. Consequently, in order to match the share of each group in the Shahid Rajaee port 6,000,000 9,000,000
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Container throughput (ton) 80000 < DWT < 120000 10000 < DWT < 30000 and port of Jebel Ali, it is necessary for Shahid Rajaee port to increase the share of container ships with the capacity of more than 80,000 DWT in container throughput and reduce the share of container vessels with the capacity of less than 30,000 DWT in the following years. It is worth mentioning that the port of Jebel Ali is capable of servicing container ships with 240,000 DWT. However, the container ships that have a capacity of more than 200,000 DWT could not call Shahid Rajaee port due to the limitations such as the port entrance and the draft of the berth. Therefore, the share of more than 200,000 DWT container ships in Jebel Ali port will be assigned to more than 150,000 DWT container ships in our proposed categories. Table 4 shows the technical specifications of the design ships of port of Jebel Ali and Shahid Rajaee port.
Final results of traffic forecasting of the container vessels in the Shahid Rajaee port based on the third scenario are presented in Table 5 . Obviously, 10,000 to 30,000 DWT container ships still will be responsible for the largest part of traffic, while the carried cargo of more than 80,000 DWT container ships in container throughput increases drastically. This increase was expectable because of the essence of this scenario as emulating a hub port like Jebel Ali port.
Results of Forecasting Container Ship Traffic in the Target
Ports. According to mentioned procedure of forecasting container ships traffic of Shahid Rajaee port, and after applying the procedure on other target ports, the results of traffic forecasting are presented in Table 6 for the target ports.
LSCI Forecasting
Introduction to LSCI.
A country's participation in global seaborne trade as well as frequent and reliable shipping services are important factors in determining nations' competitiveness of container transport [22] . In 2004, the United Nations Conference on Trade and Development (UNCTAD) developed a specific parameter in order to qualify nation's containerized liner trade which is known as Liner Shipping Connectivity Index or LSCI [23] . All countries with a high LSCI benefit from regular and frequent shipping services in their ports that place them at the center of international seaborne container trade. The others with a lower index are on the periphery of such activity. Hence, LSCI obviously measures connectivity of a country to international container trade and maritime transport networks [23] . LSCI focuses on ports with container terminals and consists of five variables, each one responsible for one aspect of container transport network connectivity [22, 23] . Figure 10 illustrates these five components represented by C1 to C5 in the present study. Also, the method of calculating LSCI is presented in Figure 11 . Figure 12 shows the LSCI for Iranian ports from 2004 to 2016 according to data given by UNCTAD. As presented in this graph, the index has a continuous increase during 2004 to 2011. However, in the next three years, a severe decrease is observed due to international sanctions against Iranian shipping lines and other international shipping lines which have called Iranian ports. By lifting the sanctions, LSCI has started to mount again in the recent two years.
LSCI Analysis for Iran.
In order to verify the LSCI value presented by UNCTAD, it is calculated for Iranian ports based on the data of port calls given by the PMO of Iran and compared with the value represented by UNCTAD in Table 7 . As mentioned before, Iran's values for each component (C1 to C5), respectively, are divided into the maximum value of each component in 2004 which belongs to China. LSCI components of Iran based on UNCATD data were separately available just for year 2011 and in other years final value of LSCI was available. So the LSCI value is calculated for 2011. According to Table 7 , the calculated LSCI based on PMO data has some 30% difference with UNCTAD. In Figure 13 , the past trend of C1 to C5 is presented for Iranian ports. A similar trend is obvious for all variables as there is a gradual growth from 2004 to 2011 and then an abrupt decrease occurs due to sanctions against Iranian shipping lines and ports. However, a gradual growth has occurred after sanction nullification.
One of the important factors in analyzing C1 to C5 variables is the ratio of C4 to C3, which means the proportion of the number of liner services to the number of companies that deploy container ships on services from and to a country's ports. According to UNCTAD recommendation, this ratio varies from one country to another. However, the average of this ratio is approximately equal to 4 and for China, it is equal to 6 [24] . Analysis of the recorded data of port calls in Iranian ports has shown that this ratio is about 2.5 for Iranian ports.
Based on the explanations, Figure 14 shows LSCI prediction for Iranian ports from 2017 to 2025 based on container ship traffic presented in former sections. Actually, components of LSCI are calculated based on three proposed scenarios. According to Figure 14 , the LSCI values for Iranian ports will be greater based on the third scenario. Also, the growth rate of LSCI for Iranian ports is higher for third scenario. The growth rate of LSCI from 2017 to 2021 is 4%, 6%, and 11% and from 2022 to 2025 is 3%, 4%, and 4% in the first, second, and third scenario, respectively.
As shown in the graph, the LSCI that is calculated based on first and second scenarios has increased three times in 2025 in comparison with its value in 2016. Generally first and second scenarios have similar results and LSCIs in these two scenarios have a less than 5% difference. Although the values of C1 to C4 in second scenario are more than the values in the first scenario, C5 is equal in both of them. It seems that this consistence is the main reason of little difference of LSCI in first and second scenario. As expected according to the third scenario, LSCI has optimistically the largest growth (5 times in comparison to 2016). This result was foreseeable due to essence of third scenario that assumes Iranian ports emulate a hub port like Jebel Ali port.
Conclusion
This paper has proposed a method to predict Iranian main container ports, including Shahid Rajaee port, Imam Khomeini port, Chabahar port, and Bushehr port, also applicable to other container ports. In order to design this method, three scenarios have been devised based on three concepts: simplified continuous growth, port best experience replication, and regional best practice of target ports. More than 102,000 records of container ships which called target ports were categorized into seven categories based on their DWT. The numbers of container ships and their share in container Multiply the value calculated in the previous step into 100 Figure 11 : Process of calculating LSCI for a country. throughput of target ports during 2017 to 2025 for each category have been forecasted by using of designed scenarios. According to the first and second scenario, the 30,000 to 60,000 DWT container ships will have the largest share in port's throughput and 10,000 to 30,000 DWT container ships will constitute the major part of traffic in Shahid Rajaee port in the future. In three other ports, the 10,000 to 30,000 DWT container ships will have the largest share and the main part of traffic according to first and second scenario. The concept of the third scenario leads to an increase in the share of container ships with larger capacities and it is predicted that the container ships larger than 150,000 DWT will have the largest share in the port's container throughput of the Shahid Rajaee port. In other target ports, the category with largest 5. DWT has the largest share in ports throughput. Additionally, although in the first and second scenarios some categories of container ships have a marginal share in total container throughput of the ports, obviously throughput of ports has distributed more equally based on the third scenario. Applying three scenarios on LSCI for Iranian ports shows that the first and second scenarios are very similar to each other and the LSCI will increase from about 55 to 70 with an almost consistent trend from 2017 to 2025 for both scenarios. On the other hand, the LSCI for Iranian ports increases with a slightly higher but consistent slope to about 130 in 2025 for the optimistic third scenario. This value is 5 times more than the current state.
Economic and political factors affect port connectivity to international container trade and maritime transport networks; so that Iranian ports encountered a severe decrease in their connectivity to international shipping lines and port calls due to international sanctions against the country in 2012, 2013, and 2014. Although the method employed in this paper does not consider political and economic factors directly, analysis of past trends of ports and also comparing them with a well-known hub port in the region (Jebel Ali port) can compensate political and economic factors such as legislation of ports in the country.
All in all, reviewing literature and similar studies in the country and analyzing the results of the present study show that the scenarios which are based on the analysis of past trends is more likely to happen in the future. Taking into consideration restrictions and limitations to develop some aspects of ports, such as depth of ports' basin and berths and construction of new berths with higher capacity, in comparison with global and regional competitors, the third scenario seems unlikely to happen in the country.
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